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TRANSPORT DEVICE WITH SIAVE CONTROI. 



TECHNICAI. FIELD 

The present invention relates generally to a device for 
the transport of materials and more specifically to a 
device in which a wheeled carrier is made to follow a 
course by using slave control. . 

BACKGROUND 

When materials are moved by means of, for example, a 
vehicle or conveyor, it is sometimes an advantage to 
bring about the movement by applying a force to the 
vehicle or the component instead of controlling it by 
means of a control mechanism. Examples of such 
15 applications are the transport and positioning of 
materials for a moving assembly line. When components 
are positioned, it is an advantage for it to be 
possible to guide the component into position by 
applying a force to it. with the proposed solution, the 
20 component automatically follows the movements of the 
assembly line during and after mounting thereof. 

In the handling described above, use is today made of, 
for example, air-cushion-supported conveyors. These can 
25 be moved with unlimited mobility but they have no servo 
function, which leads to great strain during starting 
and deceleration when great masses are transported. 



SUMMARY OF THE INVENTION 

One object of the invention is to produce a device 
which makes it possible to apply only a small force in 
the desired transport direction, which leads to a servo 
function being activated, the servo action being 
reversed and changing over to decelerating the mass of 
35 the vehicle when the force applied ceases. 



The invention is based on the insight that a transport 
device can be arranged with a driving part and a 
carrying part which are movable in relation to one 
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another r sensors which measure the relative position of 
the parts making possible a slave-control function for 
driving the transport device in the desired direction. 

5 According to the invention, a transport device as 
defined in Claim 1 is therefore produced. 

Further preferred embodiments are defined by the 
subclaims . 

10 

The abovementioned problems of the prior art are solved 
by the transport device according to the invention. By 
virtue of the fact that a relatively small force which 
is applied to the carrying part can be registered, 
15 which leads to the driving means of the carrying part 
driving in the desired direction, a device of which the 
movement can be controlled in an exact way is produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 The invention will be described in greater detail as an 
example, with reference to accompanying drawings, in 
which: 

Fig. la shows a side view of a transport device 
25 according to the invention; 

Fig. lb shows a top view of the transport device shown 
in Fig. la; 

30 Fig- Ic shows a transparent perspective view of the 
transport device shown in Fig. la; 

Fig. Id shows a simplified block diagram of the parts 
which make up the driving system for the transport 
35 device according to the invention; 



Figs 2a-c show views corresponding to those shown in 
Figs la-c but when a force is applied to the carrying 
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part of the transport device in a longitudinal 
direction; 

Figs 3a-c show views corresponding to those shown in 
5 Figs la-c but when a force is applied to the carrying 
part of the transport device in a transverse direction; 

Figs 4a-c show views corresponding to those shown in 
Figs la-c but when a force is applied to the carrying 
10 part of the transport device in a diagonal direction; 

Figs 5a-c show views corresponding to those shown in 
Figs la-c but when a force is applied to the carrying 
part of the transport device which results in a turning 
15 movement of the transport device; 

Figs 6a-c show views corresponding to those shown in 
Figs la-c but when a force is applied to the carrying 
part of the transport device which results in a 
20 rotation of the transport device; 

Fig» 7a shows an overall view of the transport device 
according to the invention in an alternative 
embodiment ; 

25 

Fig. 7b shows a detailed view of the link between the 
transport device shown in Fig. 7a and an aircraft, and 

Fig. 7c is a view similar to that in Fig. 7b but 
30 showing an alternative embodiment of the transport 
device according to the invention. 

EMBODIMENTS 

Preferred embodiments of a transport device according 
35 to the invention will be described below, in the 
description, for the purpose of clarification but not 
limitation,, specific details will be shown in order to 
afford a thorough understanding of the present 
invention* The expert will nevertheless understand that 
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the invention can be used in other embodiments which 
differ from these specific details. Specific 
directions, such as up, down, left, right etc*, are 
also indicated in the description. It is to be 
5 understood that these directions only refer to what is 
shown in the figures and are therefore not limiting as 
far as the practical applications of the invention are 
concerned. 

Reference is initially made to Figs la-c. Fig. la shows 
a simplified side view of a transport device, 
designated generally by 10, which is in the rest 
position, that is to say no external force is applied 
to it. The transport device comprises a driving part 20 
and,, arranged above the driving part, a carrying or 
fixture part 30. The two parts 20, 30 are 
interconnected with sensors, one 40a of which is shown 
in Fig. la. In the preferred embodiment, the sensors 
are in the form of strain gauges. 

The driving part is adapted to be driven on a surface 
by using four wheels 22a-d (see Fig. lb). The wheels 
are preferably of the type which is described in 
international patent publication WO99/54190, which is 
included herein by reference. Therefore, two diagonally 
opposite wheels 22a, 22c are driving wheels which can 
be swivelled into the desired position while the two 
other wheels 22b, 22d are swivelling but not driving 
wheels. By virtue of this, the driving part can drive 
in essentially any direction parallel to the surface. 

The driving and carrying parts are separated from one 
another by a dividing plane 18 consisting of an 
interspace, the size of which has been exaggerated in 
35 the figures for the sake of clarity. The dividing plane 
is essentially parallel to the surface on which the 
vehicle is intended to run, and the connection between 
the driving part and the carrying part can be brought 
about in various ways • Common to these is that the 
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levels can move in relation to one another in 
directions which are parallel to the surface on which 
the transport device is moved, and, in the preferred 
embodiment, the carrying part rests on rubber blocks 
5 which are arranged on the driving part. This allows 
small, but readily detectable relative movements 
between the driving part and the carrying,. part, which 
are used for the desired servo function. 

10 Fig. Id shows the parts which make up the driving 
system. The driving wheels 22a, 22d are driven by 
respective driving arrangements 24a, 24c consisting of 
an electric motor with associated mechanics and 
electronics. The driving arrangements are connected to 

15 a central unit 26 consisting of a microprocessor and 
associated electronics. The sensors 40a, 40b are also 
connected to this central unit. Finally, there is a 
display/input unit 28 which is connected to the central 
unit and serves as a user interface. 

20 

When a force is applied to the carrying part in any 
direction, a relative movement between the driving and 
carrying parts occurs, as mentioned, which results in a 
positional difference between them. Figs 2a-c show the 
25 effect of a force being applied to the carrying part 
towards the left, as can be seen from the arrows. The 
carrying part is imparted a movement which 
instantaneously results in a positional difference Ax 
in the longitudinal direction of the transport device. 
This positional difference is detected by means of the 
sensors 40a, 40b, and information about this is sent to 
the central unit which uses the positional information 
as a basis for driving commands which are sent to the 
driving arrangements 24a, 24c. In the example shown in 
35 Figs 2a-c, the wheels therefore start to drive towards 
the left in the figure. 



30 



When the wheels start to drive, the driving part 20 
strives to take up the same position as the carrying 
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part 30/ -that is to say to reduce Ax. If the force 
which is applied to the carrying part is static, which 
means / for example, that the user who pushes the 
carrying part does not move, the driving part will move 
5 until Ax is zero while the absolute position of the 
carrying part does not change. When Ax is zero, the 
driving wheels cease driving, and the transport device 
has been moved to a new position. 

10 If, on the other hand, the force which is applied to 
the carrying part is dynamic, that is to say the user 
who pushes the carrying part moves in the same 
direction as the force. Ax remains greater than zero as 
long as the user moves. Only when the driving part is 

15 allowed to "catch up with" the carrying part does the 
driving cease. 



As mentioned previously, the positional difference 
between the driving part and the carrying part .is used 

2 0 as a parameter for the commands which the central unit 
sends to the driving arrangements . This means that the 
greater the force applied, the greater Ax is. A greater 
value of Ax means higher driving speed, as a result of 
which the transport device moves at different speeds 

25 depending on how hard the user pushes the carrying 
part. When pushing ceases, the transport device stops 
essentially instantaneously. 

In other words, the driving part and the carrying part 
30 are made, via for example spring-loading, to strive 
towards a neutral point at which the servo action 
ceases, and, as soon as the applied force ceases, the 
servo action changes over from driving aid to 
deceleration aid. 

35 

The movement direction does not have to be limited to 
that shown in Figs 2a-c. Figs 3a-c show the effect of a 
force being applied to the carrying part in the 
transverse direction of the transport device. This 
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results in a positional difference Ay which in turn 
brings about a movement transverse to the longitudinal 
direction of the transport device • 

5 A combination of these movements is of course possible. 
Figs 4a-c show the situation when the resulting force 
is directed diagonally, that is to say consists of a 
component in both the longitudinal direction and the 
transverse direction • The sensors ,4 0a, 40b register the 
10 relative positional differences. Ax and Ay, and the 
central unit 26 uses this information in order to bring 
about driving in the diagonal direction. 

In the driving examples described above, the two 

15 sensors 40a, 40b detected the same relative positional 
difference, that is to say the relative movement 
between the driving part and the carrying part 
consisted exclusively of a trans lational movement, 
which has not resulted in any turns, that is to say any 

20 rotational movement. Figs 5a-c show an example of when 
the transport device turns. Fig. 5b shows how a smaller 
force is applied to the lower part of the cari^ring part 
than the upper part- This results in the lower sensor 
40a registering a smaller positional difference than 

25 the upper sensor 4 0b. This positional information 
results in the central unit ordering the upper, right 
wheel to drive in one direction and the lower, left 
wheel 22c in another direction. The combined result is 
a turning movement as shown by the arrow on the left in 

30 Figure 5b. 

A pure rotational movement can also be brought about, 
as can be seen from the example shown in Figs 6a-c. 
Fig. 6b shows how a force directed towards the left is 
35 applied to the lower part of the carrying part while a 
force of the same magnitude directed towards the right 
is applied to the upper part. This results in the two 
driving wheels driving in opposite directions, which 
brings about a pure rotational movement. 
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It may be an advantage to make the transport device 
drive more easily in one direction than another, which 
can be brought about simply with the transport device 
according to the invention. Such programming of 
5 characteristics can be brought about by means of the 
input unit 28. An example of such programming may be 
that a relative positional difference in the transverse 
direction, that is to say Ay, is made to have less 
influence on the driving than a, relative positional 

10 difference in the longitudinal direction, that is to 
say Ax. This can also be brought about purely 
mechanically by virtue of the applied force necessary 
to bring about a relative positional difference being 
different in different directions. However, the basic 

15 principle of the system is the servo action in all 
directions and also possible rotation about a centre or 
one or more other selected point (s). 

The proposed solution affords a number of advantages, 
20 the most important of which are described below. The 
transport device according to the invention affords the 
possibility of moving large masses in the most logical 
way — applying a force directly to the mass, the servo 
action moving the mass in this direction as long as the 
25 force is applied. The possibility of using wheel- 
mounted conveyors for materials for moving assembly 
lines is also afforded. Movement can be effected with 
very great precision compared with current 
corresponding solutions of the air-cushion type. 

30 

A preferred embodiment of a transport device according 
to the invention has been described. The expert in the 
technical field concerned will understand that this can 
be varied within the scope of the accompanying patent 
35 claims • It has been mentioned that the driving arid 
cariying parts are preferably connected by means of 
rubber blocks, to which other components with 
corresponding elastic properties are equivalent. 
Alternatively, slide rails can be arranged in, for 

\ 
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example, the longitudinal direction and the transverse 
direction, the pairts being returned to the same 
relative position by means of, for example, springs. 

5 The sensors 40a, 4 0b have been described as strain 
gauges. Alternative sensors are of course also 
possible, such as optical sensors or mechanical sensors 
which function as a joystick. The positioning and 
number of the sensors can also be varied as required, 
10 for example in order to detect more complex movements. 

The driving in the preferred embodiment is effected by 
wheels. Other types of driving means are of course also 
possible, such as driving belts. The positioning and 

15 number of the driving means can also be varied as 
required. Therefore, for example, one driving wheel can 
be combined with two or more non-driving wheels, three 
or more driving wheels can be combined with an 
appropriate number of non-driving wheels, or there can 

20 be no non-driving wheels. In the case of two driving 
wheels, they can be positioned diagonally, as in the 
embodiment described, or they can be positioned along 
the same side. As a further alternative, one or more 
wheel (s) can be supplemented by an air-cushion 

2 5 arrangement . 



Fig. 7a shows an alternative embodiment of a transport 
device 100, which is slaved to another object, shown in 
the figure as an aircraft 120. In this case, the 

30 positional difference measured is that between a 
transport device 100 in the form of a working platform 
and the aircraft 120. This is brought about by means of 
two sensors 140a, b which are arranged on one side of 
the transport device (see Fig. 7b). These can be, for 

35 example, laser sensors which work against respective 
reflective surfaces 142a, b on the aircraft body. In 
this way, it is possible to keep track of the relative 
distance Axl, Ax2 between the aircraft and the 
transport device. 
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in this case, the slave control takes place in the 
following way. In a desired relative position of 
transport device and aircraft, the sensors and control 
system are zeroed. This position therefore corresponds 
5 to that shown in Figs la-c for the first embodiment. If 
the aircraft begins to move from this position, this 
will be detected by the sensors 140a, b. 'phe deviation 
from the relative positional difference in the starting 
position serves as an input signal for the control 

10 system of the transport device, which, in the same way 
as in the first embodiment, tries to drive the 
transport in a direction which returns it to the 
starting position relative to the plane. In this case, 
the transport device is slaved to the other object, 

15 shown as an aircraft. 

It will be understood that measurement can be carried 
out in ways other than that shown in the figures. For 
example, it is possible to have a telescoping 

20 arrangement which is arranged between the aircraft and 
the transport device and with which the relative 
distance between them is measured. Furthermore, in 
addition to or instead of pure distance measurement, it 
is also possible to use angular measurement, that is to 

25 say how the aircraft has moved relative to the 
transport device is measured in another dimension. 
Fig. 7c indicates two angles a and P, and a relative 
positional difference can be calculated by means of 
these angles . 

30 

In the embodiment which has been described with 
reference to Figs 7a-c, an aircraft has been used as an 
example of the object of which the transport device 
follows the movement. This is of course only an 
35 example, and an alternative is, for example, a car on a 
production line. 



